ABSTRACT. Anti-Borna disease virus (BDV) antibodies were detected from cats in Japan, Philippines and Indonesia by using electrochemiluminescence immunoassay. Positive rates were 3.1%, 3.8% and 2.0% in Japan, Philippines and Indonesia, respectively. There was no differences in the positive rate of anti-BDV antibodies between male and female cats and among habitats. While, a significantly (P<0.05) higher prevalence (6.5%) was found in the oldest age group (more than 6 years) cats. KEY WORDS: Borna disease virus (BDV), electrochemiluminescence immunoassay (ECLIA), feline.
Borna disease is an infectious neurological disease that occurs sporadically in horses and sheep in Central Europe. Borna disease virus (BDV) is a noncytolytic, neurotropic, single strand, negative sense RNA virus that naturally infects a wide range of vertebrate species from birds and rodents to primates [1, 3] . BDV can also cause encephalomyelitis in a wide range of experimental animals [5, 6, 14] .
In domestic cats, an characteristic disease of the central nervous system has been observed in Sweden [9] ; the dominating clinical sign is an unsteady (staggering) gait. Histopathological examination of the cats showed that the inflammatory reaction of the central nervous system was most pronounced in the grey matter of the brain stem, basal ganglia and hippocampus. These changes and laboratory findings including leukopenia and elevations in protein content and white blood cell count of the cerebrospinal fluid in affected cats suggested that staggering disease is infectious and most probably caused by virus. By using an indirect immunofluorescence assay (IFA), anti-BDV antibody has been detected in the cats with typical staggering disease [10, 13] . Recently, the high prevalence of BDV infections has been demonstrated in domestic cats with neurological disorders in Japan [11] .
A seroepidemiological survey of the cat has been done by using IFA and/or Western blot (WB) analysis also in Japan [12] . Since the antibody titers were usually very low in Borna disease, an establishment of sensitive and reliable method to detect a small amount of anti-BDV antibodies is required. Recently, we have developed a new system, electrochemiluminescence immunoassay (ECLIA), using recombinant BDV p24 and p40 proteins, which has the sensitivity and specificity to serve as a serological screening method for measuring anti-BDV antibodies [16] . In this study we tried to detect anti-BDV antibodies of domestic cats in Asian countries and to compare the prevalence of BDV among the countries.
Blood samples were collected from domestic cats at veterinary hospitals of University of Philippines Los Baños, Laguna, Philippines; Faculty of Veterinary Science, Bogor Agricultural University, Bogor, Indonesia; Osaka, Kitakyushu, Kumamoto and Nagasaki, Japan. Serum samples were stored at -30°C until use.
To measure antibody against BDV, ECLIA is performed as previously described [16] . Briefly, micro beads were coated with horse-derived BDV p24 and p40 recombinant proteins, then suspended in the bead buffer which contained 10% normal rabbit serum. The protein-coated beads were incubated with serum samples. Antibodies absorbed onto the micro beads were detected by electrochemically generated luminescence with the sandwich method using anti-cat IgG antibody coupled with Ruthenium (II) tris (bipyridyl); Ru(bpy) 3 2+ (IGEN International Inc., Gaithersburg, MD, U.S.A) [4] . The antibody level of each serum sample was expressed as a photocount (ECLIA count). In the first screening, a sample was considered temporarily positive if the ECLIA count was higher than the cutoff count (500) against mixed proteins (p24 + p40) based on the mean plus 5 standard deviations (SD) of the ECLIA counts from 13 cat samples which have been confirmed as seronegative for BDV by IFA. The temporarily positive sera were further examined with the following inhibition test to confirm the specificity. Each sample was preincubated with PBS containing 10% normal rabbit serum and recombinant p24 and p40 proteins at the concentration of 10 µg/ml for 15 min at 37°C. Serum sample preincubated with PBS containing 10% rabbit serum alone served as the control. After preincubation, each sample was measured by ECLIA as described [16] . A sample was declared anti-BDV antibody positive if the ECLIA count was inhibited to more than 50% of the control counts.
As shown in Table 1 , 3.1%, 3.8% and 2.0% of cats in Japan, Philippines and Indonesia were anti-BDV antibody positive, respectively. Although the number of cats examined was not so huge, positive rates in respective countries were almost similar.
We made statistic analysis of the seropositive rate between sexes and between different habitats of the Japanese domestic cats. There was no differences in the positive rate of anti-BDV antibodies between males and females (2.4%; 4/164 and 3.4%; 6/176, respectively, Qi-square test, male vs. female; χ 2 =0.28, NS). Also there was no significant difference in the seroprevalence of anti-BDV antibodies between the cats in Osaka and Nagasaki (3.4%; 2/59 and 3.6%; 10/275, respectively, Qi-square test, Osaka vs. Nagasaki; χ 2 =0.009, NS). Of the 383 samples collected from Japan, 322 samples (host's age was known) were divided into 3 age groups based on their group size. Of the 107 samples from group I (0-1 year old), only one (0.9%) was positive for anti-BDV antibodies. In the group II (2-5 years old), 2 out of 108 samples (1.9%) were positive for anti-BDV antibodies. In the group III (more than 6 years old), 7 out of 107 samples were positive for anti-BDV antibodies. Significantly higher prevalence was found in the oldest group (group III, more than 6 years old) when compared to youngest group (group I, 0-1 year old) (Qi-square test, group I vs. group III; χ 2 =4.675, P<0.05). BDV antibody profiles in the seropositive cats and the conditions of each cat were summarized in Table 2 . Antip24 antibody was more frequent than p40 antibody in almost all cases. In this experiment, we examined 5 cats which have neurological disorders, however, none of them showed seropositive against BDV (data not shown).
This study clearly shows that anti-BDV antibodies were detected from domestic cats in the Asian countries examined, viz. Philippines, Indonesia and Japan.
Nakamura et al. [11] reported that anti-BDV p24 and/or p40 antibodies were detected from 10 out of 15 cats with neurological disorders. In this experiment, we could not check a serum of the cat showing typical staggering disease, however, 5 serum samples from the cats with neurological disorders were checked for anti-BDV antibodies. Anti-BDV antibody was not detected from these cats, whereas the seropositive cases were detected regardless of host's clinical conditions and even from healthy cats. Regards to this, the profiles of BDV antibody of cat sera in this experiment is quite similar to the profiles of those in human healthy blood donors [16] both in which only p24 antibodies were noticeable. Borna disease has a variable period of incubation and diverse pathological manifestations depending on the species, immune status and age of the host, as well as route of infection and particular virus strain used for the infection. The course of infection varies from subclinical or slight behavioral abnormalities to a fatal neurological symptoms. Comparing to our results (3.4% positive in Osaka and 3.6% in Nagasaki), Nishino et al. [12] reported rather high prevalence (21.9%) of BDV infection also in neurologically asymptomatic cats in Tokyo, Japan. Although a big difference exists in the prevalence of BDV infection in cats between these studies, it is difficult to explain this discrepancy at present. However, there are some possibilities which may explain such a difference, e.g., differences in the research area and/or method of immunoassay. Regarding to the ECLIA, it has been able to accurately identify experimentally infected rats and horses. In addition, the ECLIA corresponded to IFA in domestic horses that were also seropositive by a sensitive and specific Western blot assays [16] . Sporadic outbreaks of Borna disease have been reported in Germany [8] . There are several serological surveys from horses without giving rise to clinical signs in the Netherlands, and other European countries [8] , the USA [7] , Iran [2] and Japan [15] , suggesting that the virus is more widely distributed than previously thought. In this paper, although we could not find any positive relationship between the detection of anti-BDV antibodies and the diseases such as neurological disorders in cats, we added Philippines and Indonesia as BDV-distributed countries. Further study is needed to clarify the significance and the role of anti-BDV antibodies in the BDV infection in animals.
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